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BEAMSOF AICLAD 14s-T6, ALCLAD75s-T6, ANDVARIOUS

!lZM13RSOF ALCLAD 24S ~ MJXIY

By H. E. Grieshaber

Static and impact tests were made on riveted snd spot-welded bemns
of vsrious high-strength aluminum slloys. The beams of this investiga-
tion were spot-welded before present aticrsft specifications for strut=
tural welding becsme effective. It is evident from radiographic analyses
that the soundness of the spot-welds of this investigation does not meet
these present specifications. In interpreting results, therefore, the
limitations should be considered.

For static loads on riveted besms, the values of modulus of failure
were about the ssme as tensile strengths for all the alloys except one;
for static loads on spot-welded beams, the values of modulus of failure
were lower thsn the tensile strengths for sll the alloys.

In general, beams of highest-strength materials had the greatest
resistance to impact. The height of drop producing failure of the spot-.
welded beams averaged about 70 percent of that producing failure of the
riveted besms.

No direct relationship seems to exist between the toughness value
of the material as determined from the tensile properties and’relative
ability to resist impact of the material in the form of a riveted or
welded structure. Aging of hems af%er assembly is not advantageous and
probably
point-of

The
alumhlm

undesirable, at least for spot-welded beams, from the stand-
static snd impact strength.

INZ!ROINJCTION

increased use in aircraft construction of higher-strength
alloys such as 75S-T6 and the various tempers of 24s obtained

by artificial-aging has msde evident the need for information concerning
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the behavior of structures of such alloys under static
loading. It seemed desirable to study the p=formsnce

and -impact
of riveted and

spot-welded connections in a structural member m.ibjetted to static and
impact besm tests in which the components of the built-up member bend
as a unit and cause the connections to undergo stresses of a different
me from those encountered in tests of simple joints. Of particular
interest was the comparison of the resistance to tensile rupture of the
various alloys when used in riveted end spot-welded construction. Con-
sequently, the beams were proportioned so as to ensure failure in the
tension cover plate. This required msking the compression cover plate
of sufficient thickness to prevent buckltig snd the web of sufficient
stiffuess to preclude buck~ng due to shear or bending.

In order that an investigation could be made of any possible’bene-
ficial effects resulting from relief of internal strains set up during
assembly, particularly during the spot-welding operation, beams which
were fabricated from Alclad 2@-T3 aluminum alloy aud aged to the
-T81 conMtion efter assembly were included for tests.

. The object of this investigation-was to determine the comparative
strengths under static and impact loading of built-up riveted and spot-
welded beams of Alclad 14S-T6, Alclad 75S-T6, Alclad 24S-T3, Alclad
24s-T36, Mclad 2ks-T81, reclad 24s-T86, and Alclad 2hS-T3 aluminum
alloy artificially aged to -T81 after assenibly.

This work was done by the Aluminum Company of
made available to the NACA for publication because

SPECIMENS AND MTERIAL

.Americaand has been
of its general interest.

The type of specimen used for the static and impact besm tests is
shown in figure 1. The top cover plates of all the beams were l/4-inch
Alclad 75S-T6 plate and the back-up strips, used to prevent the flenges
from buckling between rivets, were l/8-inch 24s-T4 rolled rectangular
bsr. The spacer blocks in all.the besms were l/2-inch Alclad 24s-T4
plate. The connections in the top cover plates of all the besms were
made by means of 1/4- by 3/4-inch A17S-T3 buttonhead rivets. ti 28 of
the besms the bottom cover plate was spot-welded to the chaunels, snd
in the other 28 the connection was made by meas of rivettig. Four besms
with riveted bottom-cover-plate connections aud four with spot-welded
bottom-cuver-plate connections w=e made of each of the following alloys
and tempers of O.O@+-inch-thick ch-els and cover plates: Alclad

14s-T6, illchd 75s-T6, Alclad 2k3-T3, Alclad 2M-T36, Alclad 24s-T81,
nclad 24s-T86, and reclad 24S-T3 aged to -T81 after assembly. The
specimens which were aged to -T81 after assembly were aged before the
Alclad 75S-T6 ,top cover plate was attached because the prolonged aging
(11 hr at 3750 F) would have appreciably reduced the yield strength of
the Alclad 75S-T6. The bottom cover plates were attached to the flanges
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by means of fifty-five l/8-inch-diemeter
9/32-inch-Uaeter spot welds in each.of

.

2ks-T31 rivets or thirty-seven
the two flemges. The over-all

length of the beams was 56 inches. Average measurem&ts of five beams
chosen at random showed the greatest deviation of any dimension from

nominal to be 1* percent, which is welJ within commercial tolerance.
#

All the work of fabdicating the beems, including the forming of the
channels and the aging of the Alclad 2kS-T3 to -T81 after assenibly,was
done by the Jobbing Division of the New Kensington Works. The l/&inch
A17S-T3 rivets were driven cold in 0.257-inch holes end the l/8-inch
2&T31 rivets were driven cold in the freshly wenched condition after
having been heat-treated 20 minutes at 920° F followed by a cold-water
quench. The l/8-inch rivets were driven in 0.1285-inch holes. JKLLrivets

were driven with flat heads hewing diameters 1* times the shank dismeters.

The rivet holes were drilled with the perk of the beams aasembled.

In addition to the beams, spot-welded panels of the type shown in
figure 2 were prepsred of each alloy. These panels were for the purpose
of determining the strength of simple spot-welded joints. ‘Specimens of
the type shown in figure 3 were used for the determination of the static
sheer strength of the l/8-inch 2kS-T31 rivets. The sheet material used
in these specimens was O.0~-inch Alclad 2&S-T3.

used
Mechanical-property
in the construction

PROCEDURE

determinations were mede of the verious materials
of the besms by using standsrd sheet-type tensile

specimens. Tensile yield strengths (0.2 percent permanent set) were
determined by meens of a Templin electrical extensometer. The properties
were determined in the with-grain direction.

Each of the spot-welded panels, of the type shown in figure 2, was
cut into specimens approximately 1 inch wide with a spot centered in
each specimen and these were tested to dettine the shear strength of
the spot welds. These tests, the mechanical-property tests, end those
of the riveted specimens of the type shown in figure 3 were made in a
20,000-pound-capacityAmsler Universal Testing Machine,l using Templin
self-alining grips for all tensile tests.

The spot-welded panels and beams were given radiographic examinations.
●

%ype 10, SZBDA.
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Static Besm Tests

The static beem tests were made in a 40,000-pound-capacityAmsler
Universal Testing Machine,2 using the test.setup shown in figure 4. The
beams were simply supported on a k-foot syn. The steel block which was

designed as a striking bloQk for the impact besm tests was used to dis-
tribute the load in the static beam tests. !rhis block was about ~ by 3

by 4 inches and w crowned in order that the load would continue to be
distributed evenly as the beam deflected. The block was fastened to each
beam as shown in figure 1. Similarly, the plates designed to distribute
the end reactions in the impact besm tests were used for the same purpose
in the static %esm tests. These plates were counterbored so as to accom-
modate the rivet heads ip order to obtain intimate contact with the cover
plates of the besms.

Loads were applied in 2X-pound increments to failure. The deflec-
tions were measured by means of a l/1000-inch-dial gage placed between
the auxiliary beam of the testing machine and the center of the bottom
cover plate of the spechen. It is recognized that the steel auxiliary
besm deflects slightly under load; howev=, the stiffness of the aux-
iliary besm is so great relative to the aluminum-alloy besms being

#

tested that the slight deflection of the auxiliary beam may be neglected.
Care was taken to prevent scratching or penetration of the cover plate L
by the point of the dial gage. This was accomplished by the use of a
cardbosrd centering device which was glued to the bottom cover plate and
Which served to hold the point of the dial against the center of the besm
without the necessity of using a prick punch mark. Load-deflection
curves were obtained by mesns of an automatic autographic device on the . “
testing machine (Amsler diagrams). In addition to deflection measure-
ments, strain measurements were made on three of the beams by means of
SR-4 electric strain gages. Static besm tests were made of two riveted
besms and two spot-welded beams of each alloy and temper.

The
beam was
fixtures

Impact Beam Tests

setup for the impact besm tests was
simply supported on a k-foot spau.
were used as described previously.

as shown in figure 5. The
The striking block and end
The end fixtures rested on “

steel rails which were clamped to 30-inch-steel CB sections. Excessive
lateral or vertical movemen~s of t~ ends of the besms were prevented
by means of steel angles bolted to the CB sections. Longitudinal move-
ments of the beams were controlled by means of steel plates which were
bolted to one of the end fixtures end which bore against the steel rail.
Blows were applied by dropping a 2n-pound tup on the striking block ‘ .
which was affixed to the center of the beam. The height of drop was

-%ype 20, SZBDA.
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increased by l/2-inch increments
permsnent set was measured efter

until failure occurred.
each drop by mesns of a

The amount of
dial gage with

5

suitable extensions placed between the center of the bottom cover plate
of the beam and a plate on the base of the impact tower. As in the
static beem tests, csre was teken to prevent scratching or penetration
of the bottom cover”plate by the point of the dial. Impact beem tests
were male of two riveted and two spot-welded beams of each alloy and
temper, except Alclad 24s-T81 aud ‘~clad 2ks-T86,
one riveted beem was availdble.

RESUETS AND DISCUS=ON

Mechauicel ~operties

in each of w&h only

Results of the mechanical-property determinations of the materials
used in the beams are given in table 1. Included for comparison are
design mechanical propa?ties (taken from reference 1). Also shown in
table I are “toughness” values which were chosen arbitrarily for com-
parisons to be made later. It is seen that, except for Alclad 24s-T3
aged to -T81 after assembly, the materials used in the besms exirlbited
mechanical properties ~eater in magnitude than the design mechanical
properties. The most reasonable explanation for the fact that the Alclad
24s-T81 aud Alclad 2kS-T3 aged to -T81 after assembly exhibited tensile
strengths lower than Alclad 24S-T3 seems to be that, considering the
higher than averege smount of cold work in the Alclad 24S-T3 material
(as evidenced by the mechanical properties, particularly the yield
strength), it is probable that the commercial aging treatments resulted
in sfight-overaging with an attendant lowering of

Shear Strength of Rivets end Spot
.

The results of the static shear tests of the

tensile strength.

,

Welds

spot welds and rivets
are shown in table II. Tncluded for comparison ere values of design
sheer load per spot weld or rivet and design shear 6trength of driven
rivets (taken fram reference 1). It is seen that the strength per spot
weld or rivet exceeds the design load except in the case of Alclad 14S-T6
spot-welded materiel where the minimum load per spot obtained was less
thau the design losd, although the average value of load per spot weld
was considerably greater than the design load value.

The spot weld which -exhibitedthe least value of shesr load was one
which was described as “sound” according to radiographic enalyses of the
panels, the results of which are.—
Table III are the
are summarized in

average values
table II. The

shown in table III. Also included in
of ultimate shesr load per spot which
values shown in table III ere the average

— ..——. .. ... . .--. —.-.—. —r --—-. ------ . .. —— - ..-.-..,— .-.-—— ..-.— -—— .—-. ——. -— -
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.
values per psnel, some of which contained two, and some of which con-
tained three spots. The wide range of sheer loads encountered cannot
be satisfactorily explained by the presence or absence in the welds of
cracks, porosity, or _sion. Table II shows that the spot-welded
panels of Alclad 75s-T6 not only proved to be definitely superior to
those of other allugs in point of ultimate load per spot, but also
exhibited a pronounced advantage over the psnels of the other alloys
from the standpoint of consistency. The spot welds in the Alclad
14s-T6 panels, all of which radiographic examination showed to be soudd,
developed the lowest average strength and the greatest deviation fhm
averege of all the alloys.

The significance of the results of the shear tests of the spot-
welded panels in relation to the beem tests is tlmt, even though the
welds &hibited a
nation (see table
strengths greater

considerable number of defects in-radiograp~-c exsmi-
Iv) ,
than

the welds could ”probabl.ydevelop static shear
design values. , .

,

Static Beem Tests .
.

The results of the static beam-tests ere given b teble V end in
fi~es 6 to 10. Figure 6 shows some typical failures of riveted besms,
and fi~e 7 some @ical failures of spot-welded besms. All the ‘
failures occurred through the rivet holes or through the center of the
spot welds, the failure being of the mai%rial rather then by shesring
of the rivets or spot welds. The appearance of the fracture in every
case was that of the sheer-type failure in which the plane of the frac-
ture is at sn sngle of about 45° with the plane of the sheet. It is
logical, therefore, that the beams should have sustained ulttiate loads
commensurate with the tensile strength of the materials from which the
beams were made. Failure in all the hems occurred in the region of
theoretical maximum -stress,at the middle of the spsn, that is, from
rivets 26 to 30 or spot welds 18 to 20. Table VI contsins the radio-
graphic analyses of the spot welds through which fsilure occurred.

The load-strain c’urvesof the three riveted besms to which SR-4
electric strsin gages were applied are shown in figure 8. The dashed
lines in figure 8 represent the computed elastic strains based on the
bentig moment at a point h the bottom cover plate opposite the edge
of the beering block. The strains were measured by means of the SR-4
strah gages at the ssme point. The computed strains shown were based
on both the primary and secondsry modulus of elasticity for Alclad
2w-T36 and “UCIWI 75s-T6. The value of mamnt of inertia used in these
calculationswas based on nominal diinensionsand on gross erea of the
flanges. It is seen that the measured strains a~ee quite well with the
computed strains based on the primary modulus and to but a slightly

.

.
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lesser degree with the strains based on the secondary modulus, indi-
cating that these built-up beems acted as solid beams of similar cross
section would be expected to behave.

,

The load-deflection curves of the static tests, based on dial-gage
measurements, are shown in figure 9.- The dashed lines represent com-
puted deflections. The computed deflections were based on the secondary
modulus of elasticity except, of course, for Alclad 14s-T6 in which case
no distinction is made between primary and secondsry modulus. A COlll-

parison of the difference between the computed and measured deflection
(elastic) of the beems shows that on the average the measured deflection
of the riveted beams was about 12 p&cent higher than the computed
deflection, and in the case of the spot-welded besms the measured deflec-
tion was about 10 percent higher than the computed deflection. This
indicates that the spot-welded beams were slightly stiffer than the
riveted besms. The Alclad 75S-T6 beams showed the least difference

between measured and computed deflections, ~ percent for the riveted

besms end $ percent for the spot-welded beams. For the riveted beams,

the Alclad 24S-T3 showed the greatest difference, 17 percent, and for
the spot-welded besms Alclad 14S-T6 showed the greatest difference,
16 percent. These differences would have been greater had the primary
modulus been used as a basis for the computed deflection.

To facilitate comparisons, some of the results contained in tableV
are shown graphically in figure 10, which shows the moduli of failure of
the riveted and spot-welded beams compsred to the tensile strength of the
material from which the beams were msde. Both average and individual
values of modulus of failure sre shown. The alloys are erranged in order
of increasing design allowable tensile strength.

The values of ultimate load or modulus of failure in”the static
tests agree fairly well for the two besms of each alloy end temper snd
type of connection. As would be expected, the difference between these
values for the riveted besms was less than for the spot-welded beams.
The Alclad 2ks-T81 besms exhibited the greatest difference between the
average and individual values for both the riveted and spot-welded beams,

the difference being but ~ percent for the riveted snd about l~percent

for the spot-welded besms. Of all the besms, the Alclad 24S-T3 aged to
-T81 after assembly showed the’most consistent results between the two
besms of each type of confection, the vsriation from average being less
then 1 percent.

For each alloy end temper the average ultimate loed or modulus of
failure of the riveted beams exceeded that of the spot-welded besms. On
the average the difference between the ultimate losds of the riveted and
spot-welded besms was about I-2percent. The least difference was for

.
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beams of Alclad 14S-T6, about 7 percent. The greatest difference was
for beams of Alclad 24S-T3 aged to -T81 after assembly, about 22 percent.

Beams of Alclad 24s-T81 showed a difference of about l+ percent. The

significance of the greater difference in the case of Alclad 24S-T3 wed
to -T81 after’assembly would seem to be that, from the strength stand-
point, no benefit results fhcm aging to -T81 after assembly and, in fact,
it may be harmful. There seemed to be no definite relationship between
the magnitude of the difference between the ultimate loads of the riveted
aud spot-welded beams and the strength or the ductility of the material
from which the beams w~e made.

The values”of ulthate load of the riveted ~d spot-welded beams
were in about the same sequence as the values of ultimate ,tensilestrength,

. This trend is shown graphically in figure 10. The following table is
based on the average values shown in figure 10 end contains the ratios in
percent of modulus-of failure to tensile strength.

Modulus of failure

Tensile strength
Alloy (percent)

end temper

Riveted
spot-

beams
welded
beams

uchd 2ks-T3 88 75

‘~Cl$3d 14s-T6 96 90

Alclad 24S-T81 100 87

!dchd 24S-T3 aged to -T81
after assembly 98 76

Alclad 24S-T36 io2 94

Alclad 24s-T86 100 w

Alclad 75S-T6 101 9

For the riveted beams, only the Alclad 24S-T3 showed a modulus of
failure si~ificantly different from the tensile strength - about
12 percent lower. Of all the others, the greatest variation was for
Alclad 14S-T6 - about 4 percent lower. These findings are consistent

—— —.. .. . . -. ..——-— — .—.. — —.—— . . . . . ...- . ..- .—
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with the results of tests of sheet specimens with open holes. (Referto
reference 2.) In the spot-welded beams, those of Alclad 2kS-T3 &d
Alclad 2kS-T3 aged to -T81 after assembly showed a modulus of failure
about 25 percent lower than the tensile strength, while all others showed
a reduction of about 10 percent. The ratio of m@lus of failure to
tensile strength was higher in tliehigher-strength alloys, which is con-
trary to the usual expectation.

The totsl deflections-at rupture shown in table V were measured from
the Amsler diagrams. It is seen that the riveted besms showed greater
deflections at rupture than the spot-welded besms. According to these
deflections, the,riveted beams fall in two groups: the Alclad 2kS-T3,
the Alclad 2kS-T3 agedto -T81 after assembly, and the Alclad 75S-T6
exhibiting the greater deflections - about 1.3 inches, all others having
deflections about U percent lower. The deflections at rupture of the
Alclsd 2kS-T3 aged to -T81 after assembly and Alclad 2ks-T36 besms were
not consistent with the elongation of the materials, the former showing ‘
a deflection in the high group although the elongation of the material
was 7.1 percent, the latter showing a deflection in the low group although -
the elongation was 15.1 percent.

.
Of the spot-welded beams, those of Alclad 75S-T6 showed the greatest

deflection - about 1.0 inch. Besms of Alclad 24S-T3, AIcIsLI Zki-l?sl, ~d
Alclad 2kS-T3 aged to -T81 after assembly showed the lowest deflection -
au average of about 0.7 inch. The low deflection of the Alclad24S-T3
besms was not consistent with the elongation, which was 19.8 percent.

Impact Besm Tests “

Results of the impact besm tests sre shown in table V and figures 11
to 14. All the beems failed through the rivet holes or through the center
of the spot welds in the same msnner as in the static tests. The failures
were in the sheet end not by sheering of the rivets or spots. Figure 11
shows some typical failures of the riveted beams snd figure 12 of the spot-
welded besms. Theoretically the region of maximum stress was from
rivets 26 to 30 end spot welds 18 to 20, counting from either end of the
specimen. All the beems.failed either in this region or at the rivets or
spots immediately adjacent.

The curves.of height of drop against permanent set for the impact
tests sre shown in figure 13. These indicate the extent to which the
various beams were deformed prior to.failure. No measurements of total
deflection were taken on the impact tests because of the nature of the
test and consequently there
total deflection at rupture

In figure 14 sre shown
and msximum height of drop,

is ~o basis for Compsrisorito the values of
in the static tests (table V).

values of tensile strength, toughness value,
plotted so as to facilitate comparisons.

------ -.-— —. ..- ...- . —— .-__— -.— . — ..—— -. . .-—— —-— -———----—-
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The toughness values shown were arbitrarily
prop=ties of the materiel (table I) as the
strength and the yield strength, multiplied
vidual and average velues of maximum height

NACA TN 2157

.
computed from the mechanical
average of the tensile
by the elongation. Indi-
of drop me shown.

Where two riveted beams of each alloy wcme tested, the height of
drop causing failure was about the ssme for each of the two besms. The
greatest clifference from the average vslue, about 4 percent, was in the
case of Alclad 75S-T6 besms. The spot-welded besms did not prove to be.
so consistent, the greatest differ&ce being about 27 percen~ in the
case of hems of Alclad 2&T3 aged to -T81 after assenibly. There was
considerable variation in the ratios of height of drop causing failure
in the spot-welded beams to that in the riveted beams of a particular
alloy, as shown by the following table.

Height of drop (spot-welded)
Alloy Height of drop “(riveted)

and temper (percent)

ficmd 2@-T3 65

Alclad 2kS-T3 aged to -T81
aft= assembly 51

QChd 2M-T36 ~ 91

MChd 7~-T6 73

fu.chd 2k.s-T81 61

fucm 2ks-T86 > 68.

Alclad 14S-T6 79

The ratios varied flvxn51 percent for Alclad 2@-T3 aged to -T81 after
asseniblyto 91 p-cent for Alclad 24 S-T36,with an average vslue of
*out 70 percent.

.
The &clad 2ks-T36 besms proved to be the most consistent in impact

both from the standpoint of height of drop causing failure in each
riveted end each spot-welded beam and from the standpoint of average
height of drop causing feilure in riveted .besmscompared with that in
spot-welded beams. The radiographic snalyses showed that the spots
through which failure occurred in these beams (table VI) were in the
best condition of all the beams tested in impact. The low ratio of drop

.

,

●
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producing failure of spot-welded besms to that producing failure of

u.

.
.

.

riveted beams, 51 percent, for Alclad 2@-T3 aged to -T81 after assembly
again emphasizes the fact that no ben-eficialresults seem to obtain from
aging to -T81 after assenibly.

Figure 14 sho& that the Alclad 75S-T6 riveted besms exhibited the
greatest resistance to failure in impact end the Alclad 24S-T3 beams
proved to be the least satisfactory of the riveted beams. Of the spot-
welded beams, those of Alclad 24S-T36 proved to be best in resistance
to impact and those of Alclad 24S-T3 aged to -T81 efter assembly were
the least satisfactory.

It is seen in figure 14 that the riveted beans line up according
to the height of drop producing failure very nearly in the ssme order
as the tensile strengths of the materials of which the beams were made.
Alclad 24s-T81 be~s were the outstanding exceptions to this order in
that they exhibited the third highest resistance to impact, whereas the -
material from which the besms were made showed the next to lowest tensile
strength. The order of failure of spot-welded beams in impact did not
agree very well with the order of the tensile strengths of the material
although a trend is observable in that the three alloys of highest ten-
sile strength are the three highest in point of resistance to impact.
As in the case of the riveted besms, the spot-welded besms lined up
almost exactly in the ssme order according to resistance to impact as
they did according to ultimate loads in the static tests. .

Figure 14 shows no particular correlation between the toughness
value of the material and the height of drop producing failure, in either
the riveted or spot-welded besms. The Alclad 24S-T3 beams are a notable
exmnple in that, even though the material exhibited the greatest tough-
ness value, the riveted besms were least satisfactory in impact and the
spot-welded bemns were next to the least satisfactory. Thismlack of
correlation is significant because it indicates.that the relative impact
resistsnce of built-up members cannot be predicted from the mechanical
properties of the material. The absence of correlation is not surprising
because it is known that the effect of stress-raisers, such as rivet holes
or spot welds, on the tensile strength and elongation varies considerably
with different materials.

It should be emphasized that because of the nature of the impact
tests described herein, in which successive drops were made from
increasing heights, the maximum height of drop is not a direct measure
of the energy required to produce rupture. It is probable that, had
single drOP tests been employed, the alloys might have lined up somewhat
differently according to height of drop producing failure. However,
single drop tests require a large number of spectiens, with the type of
equipment available for-measuring the smount of energy to produce rupture.

. ... —-- .—. . ___ --- ----- ..-. — - . -.---— ---- -— —. . ..--. — .— --- .-- —___ _ _ —.-
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The repeated drop tests, moreover, do represent some types of conditions
.

which exist ih actual service. “b interpreting, analyzing, and applying
the results of these tests, the limitations thereof should be considered. *

.

SUMMARY OF RESU13S

The results of”the static and impact tests
vsrious high-strength s+nninm ways Smplayblg
connections msy be summarized as follows:

of built-up besms of .
riveted and spot-welded

1. Mechanical-property determinations of the material used in the
chsmnels end bottom cover plates showed that, except for Alclad 2hS-T3
aged to -T81 sf%er assembly, the properties of the materials exceeded
ANC desigumechsnical properties about 3 to 19 percent’. .

2. Static shear tests of spot-welded joints of the vsrious materials
used and of the rivets used in connecting the bottom cover plate showed
that the average load per rivet or per spot weld exceeded the ANC design.
sheer load (~ about 9 p=cent for rivets end about 48 to 99 percent for

,

spot welds), indicating that the connections in the besms represented
acceptable production practice.- ,,

3. The static shear tests of the spot-welded joints revealed a wide
range of values of load per spot which were not consistent with the
presence or absence in the welds of cracks, porosity, or expulsion, as
revealed by radiographic examination before testing.

k. The failures encountered in the static and impact besm tests
occurred in the bottom cover plates through the rivet holes or spot
welds. Neither the rivets nor the spot welds shesred. The fractures
were of the sheer @pe in which the plane of fkacture was at an angle
of about 45° to the plsne of the sheet. All the besms failed-in the
region of theoretical maximum stress, or, in several cases, at the
rivets or spots immediately sdjacent.

.
5. Computed elastic strains based on the - bending moment

under the load points, using prs-modulus values for the Alclad
materiels, agreed well with strains measured by means of electric strain
gages.

6. me merage measured deflection of the riveted ”beems,within the
elastic range, was about 12 percent higher than the computed deflection,

. and the measured deflection of the spot-welded beams was about 10 percent
higher then the computed deflection, when the secondsry-modulusvalues of
the materials were used in t@ computations. The difference would have
been greater if primsry-modulus values had been used.

.

.
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7. In the static bemn tests, the average ultimate load of all the
spot-welded besinswas about 12 percent less then that of the riveted
beams. The greatest difference, about 22 percent, was for beams of
Alclad 24S-T3 aged to -T81 after assembly.

8. In the static besm tests, t~e modulus of failure of the riveted
be+ of all alloys agre@ with the tensile strength of the material
within 4 percent,except in the case of Alclad 24s-T3 for which the
modulus of failure was about 12 percent lower then the tensile strength.
For the spot-welded beams, the modulus of failure was about 25 percent
lower than the tensile stren@h for beams of Alclad 24S-T3 end Alclad
24S-T3 aged to -T81 after assaibly. The average for the beams,of all
other alloys was about 10 percent lower then the tensile strength.

9. The maximum deflection before rupture in the static tests of
riveted beams was about 1.3 inches for Alclad 24S-T3, Alclad 24S-T3 aged
to -T81 after assembly, end Alcled 75S-T6. The average for all the other
beams was about 15 percent less. The deflection before rupture of the
spot-welded beems ranged from 1.0 inch for Alclad 75S-T6 to 0.7 inch
for fuchd 2U3-T3.

10. In all alloys the riveted beams were better than the spot-
welded beams in resistance to impact. The average ratio ofmsximum
height of drop for the spot-w&lded beams to maximum height of drop for
the
the
was
the

the

riveted beams was about 70 percent. The greatest difference was in
case of Alclad 24S-T3 aged to -T81 after assembly, where the ratio
51percent. The least difference was for Alclad 24s-T36 beams, where
ratio was 91 percent.

11. The heights of drop producing failure in the impact tests of
riveted beams were nearly in the same order as the tensile strengths

of the materials h the betis. This waa.not true for the spot-welded
beams although a trend was observable in that the three alloys of highest
tensile strength were the three highest in resistance to impact.

12. No particular correlation could be obsened between the tough-
ness value of the material and the height of drop producing failure in
either the riveted,or spot-welded beams.

CONCLUSIONS

The following g~eral conclusions may be drawn from the static end
impact tests of riveted and spot-welded beams of various high-strength
alunlinlmlalloys. The beams of this investigation were spot-welded
before present aircraft specifications for structural welding became

.
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effective. It is evident from radiographic snalyses that the soundness
of the spot welds does not meet the present aircraft specifications for
structural welding. M interpreting the conclusions, the nature of the
impact tests should be considered. .

1. Fbr static loads on riveted besms, the values of modulus of
failure were about the ssme as the tensile strengths for all alloys .
except Alclad 2hS-T3, for which the modulus of failure was about 12 per-
cent lower than the tensile strength.

2. For static loads on spot-welded beams, the values of modulus of
failure were about 10 percent lower then the tensile”strengths for
AICH 2ks-T81, KLCM 2ks-T36, KLCmL 2hs-T86, JUCM 14s-T6, aud
Alclad 75S-T6 snd about 25 percent lower for Alclad 2@-T3 aud Alclad
2@-T3 aged to -T81 after assenibly.

3. ~ general, beams of highest-strength materials had the greatest
resistance to impact. Of the riveted beams, Alclad 75S-T6 required the
highest drop and Alclad 24s-T3 the lowest. Of the spot-welded besms,
Alclad 2hs-T36 required the highest drop and Alclad 24s-T3 aged to -T81
sfker asseniblythe lowest. .

s

4. The height of drop producing fsilure of the spot-weldedbesms
averaged about 70 percent of that producing failure of the riveted besms.

5. No direct relationship seems to exist between the toughness
vslue of the material as detemhined from the tensile properties end
relative ability to resist impact of the material in the form of a
riveted or welded structure. .

6. Aging of beams of Alclad 2h-S-T3to -T81 after asseniblyis cer-
tainly not advantageous and probably undesirdle, at least for spot-
welded besms, from the standpoint of static snd impact strength.

Aluminum Research Laboratories -
Ahminun Company of America

New Kensington, Pa., Msy 6, 1948

.
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All~ aud
t5@r

~Ckd 24S-T3

AW:2$:;T3 aged

-I&

Or
ROB511b

AI.cIad242-T36

KLclad -m-l%

AlcladQ42k81 -

mcud@wT86

Alclad 142-T6

\

TAME I

MRXAUICAL moPmlm2 OFbWIRIAL U2EDllf FABRIC= OF2EAU@

~@’ts were 1A in with-grain direoti@J

Tenaila strength
(psi)

(WLx%%t)
(~$)

(i
69,7CCI

66,4(XI

7Lm

&,!300

63,7CQ

75,500

70,700

(3 I (t)
63,co0

67,000

67,cca

73,~o

67,000.

p,wo

65,fwo

54,%$3

56,65a

61,gx

72,CKK)

61,100

71,600

64,5(YJ

(3
46,cxn3

59,~

58,000

65,020

59,W0

6g@o

*,1130

%ugbnem- B +Id

2
~ x elongaticm.

E1.&ytiul

(percent)

(!)
19.8

7.1.

L5.1

1.2.7

7;0 ,

6.6 -

Mol.

%teaderd tenskm teat apechens for sheet nmtaln nre uaaA; fig. 2 of reference 3.
%&ha meammad ulth electrical extanacu&er (Te@.in type).

1

==1
12,yxl

4,400

1o,1.oo

9,790

4,m

4,8m

4A,~a p’q.rties, with &rein, Of ~t.rid ~~ ~ ~~.

‘ %, deeign mechanical yopertiea, vith grdn, bead on minjmm
6spacimam wsre cut fiua ends of bema.

guaranteed tanaile pmpertiea. Frm reference 1.

. . . .



.

TABLE II

SEEARSTM3WTHS OF RIVE?TSANOSK)T WELDS

@l failures VW. by shearing of rivet or @ot weld

,

.
ultimate lo&i per

Alloy Emd rivet or spot Average sheer

tqper of plate Type of connection (lb) strength

(:)
(7;;)

material.
Averege

(W;)

(1) Wximum

mcha 2k.s-T3 spot welaB w w m 552 .----- ------

AICha 2@~!c36 spot welds 875 993 1070 5% .----- ------

Alclad 75S-T6 Spot welds 1.015 109!3 1175 552 ------ ------

A1.cled 24S-T81 spot welds 710 900 1080 552 ------ ------

~chd z4s-T86 Spot welds “%5 958 U@ 952 ------ -.----

~Chd 14s-T6 spot wel.aE 525 813 1030 5Z ------ ------

mcha 2k.s-T3 l/6-in. 2ks-T31 rivets 569 578 589 531 Wl,@o 41,000
A

‘Averege of eight peaels for Alclea 2kS-T3$ four panel.e for all others.

2A, design sheer load per spot or rtvet from reference 1.

3Wsed on erea of two holes: ~ X (0.1285)2X 2 = 0.0259 In 2. .

4B9 design eheex strength of &lven rivets from reference 1.
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TABIE ID

A-EmmL4TE SHEARIOAESPERSFOT AEDRADIWSAPHIC

aesignatioll

75g&.1
75*-2

75982-3

75982-4

75982-s

75982-6
75982-7

75982-0

75983-1

75983-2

75983-3
75983-4

75984-1
75984-2
75984-3

75984-4

-EggO-l

759SQ-2

759SQ-3

7’5m-J+

nggl-1

75991-2

75991-3

759%4

80558-1
805%2
@@3-3
80558-4

.

.

AHAIXSSSOF SFOT-HEIDEDPAWELS

@nalyaes made by P@aical Met.allmw Divlsiod

Alloy

Alcha 2JK3-T3
KLcuaa 2ks-T3

maaa 2ks-T3

Aldaa 2ks-T3

fcbaaa 2kLT3

Alclea 24S-T3
mu 2h.s-Ir3

Ahaaa 2bs-T3

AId.aa 2hs-T36

~daa 2kwc36

AIcka 2ks-T36
AIclad 24S-T36

Alclaa 75S-T6
mm 75s-T6
Alclea 75S-T6

Alcl.aa 75S-T6

Alclea 24S-T81

Alclaa 24S-T31

Alclea 24S-T31

Alclad 24S-T81

AELaa-24s-T86

mma-2bs-T86

Alclaa 24S-T86

Alclea 24S-T86

.QIClaa 14S-T6
Alcla.a 14S-T6
Alclaa 14S-T6
Alcled 14S-T6

Average
nlthate

sheer load

965
I.Oiq

Imo

977

9=

957

985

lcko

1005
9=

lm7 “
1095
UJ7

M3

aa

757

960

913

1o65

832

1o23

NACA TN 23.57

Analyses

Both spot welds appeared to be sound
JMh welds were cracked in the center of the

-s
One weld was cracked In the center of the

Inlsset; the other weld eppearea to be Smlna
One weld vaa cracked in the center of the

nugget; the other weld eppee=d to be sound
One weld was cracked in the center of the

-; * other weld appeared to be stand
Euth welds appeared b be sound
One ueld contained cracks In the center of the

-j the Otha Weld _SiIISd SXptilEi~

One weld was cracked; the other weld appeared
to bascuna

One weld wee cradced In the centq of the
-tj the &her Bpp-d tO be SOUIId

Both welds were cracked In the center of each
-t

2oth welds appeared to ba sound
One weld was cracked; the other appeared to

be aoond

Both welds appeared to be sound
Elth welds appeared to be sound
One weld contained cracks in the center of the

=t; * of the Welds appeared to be

All three welds contained smell cracks in the
center of the welds

One weld ccmtained cracks in the center of
the nugget; the other two welds sppeared
to be se

Both Welaa Ccmtainea nlmaons cracks, porosity,
ema qpulsion

All three welds Contaillea mlm9mus cracks,
-Sib, - =WJ.sf~

One weld was cracked; the other appeared to
be sound

AU. three welds contalnad mmeroua Cradm,

Psi*) - -si~
All three welds ccmtdned cracks; one also

contained @siCm
Tso of the welds Contalnea lnmermls cracks,

POZWMitY,end @si~; me =~ SPP=~
to be sound

One weld was cracked; the other two appeared
to ba sound

KU three welds appeared to be scud
All three welds ~pe=ed to be sound
All three welds appeared to be SCUM
All tlmee welds appeared to be sound

“-Psmela contained two or tbrae spot welds. The welds were tested individually.

— -.. . -. —--—.,. —.. - _ .—— — . ... ~_—.— .
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1)

Stetic test Sgedmem

159ee-7-A Alcled 242+3 All buttsGvelas wemcreckeAeItA moetofthem elsocontti expulnicm
7%?-7-B Akuu 2ka-T3 AU but three velds were crecked end most of them eleo contained expnL3im
#i2-6-A Alcl.ed 24S-T3 ~emejority of thewetivere cr~,160f tbe*s&mccmteined

m-6-B Alcled 24ELT3
~~

About three-folmthe of the welds Conteined Creeks end expllhion
73982-2-A Alclea 242-!?3 eged Fiti OfthSWSMS~b* =SCkd&COdJti~-j ~

to -!l!al Sfter UeMsccmtdnea verymellcrecks
lASBd~

75982-2-B AlCl& 2424.T3_ed BISV~Of~WeldE~b~~d ti-tti-i-j-

of theuela.ecm&ineu verysmallcrccke

75*-1-A AkgnE#3_w ThemeJority oftbevelAe verecreckd

.seSembly
?3@-1-B Alcl# 2444#3_Pd The Iue@rityoftheueldew erecreckea

.eeSelibly

75983-3-A AI.oled 242-T36 About one-fourth of theneldecolrtcineu Velyeraell creeke; fcurvelde

73993-3-B AICUd 242436
Ccllteilled nevm?e Crecke end expulsion

Abcmt three.fcurths of the welds were aecked end conteined expulsion
75@3-1-A ~ 242-T36 Abcutone-third of theweldc ccslteilled Veryemell creckcendtnoof

75983-l-B AIClCa 2J+%T36
them elm Contdned -i~

Abmztcme-thirA of theweldsccmteineA veryemell crecke; three uelde
ccnteined severe crecke end expulsion

759W1-A ~ 75S-T6 About one-helf of theweldeconteined creckeeml moetoftlmeeleoc cm-
teilled q@..eion

759W1* Alcled 752-T6 Abaztone-tmrd of thewddecontd.ned creckeeud moetorthesedeo
Ccmteinea eqmleion

75984-2-A Alcl.sa ‘?5S-T6
759@Q-B Al&la 75S-T6

AMlt One-fcwrth of the welds Cent.silled Crecke eM eqglilcion
Abcutone-foorth of theveldecomteined crecksemlm sverelofthemeleo

-Ccdeined expuleicll

75%X3-4-A Alcled 242-T81 Almost ell the W8MScootsdnti eevere- crecke, poroei*, eud expulsion
~@bB Alcled 242-!T81 tiStSlltiUSJ.dS~~SCkSdj tk~=i*OfthM8C~

severe Cm&e, pol’cai@, end eqllmion
75993-3-A filed 242-ql Alm3et eu. the welds Ccmteinea Creeks, u of Which Conte.ined severe

CES&S, ~Biti, Cd _iOll
75993-3-B Alclaa !w-ml

\

/umJet.en thevddeverecrdsea; 160fthese conteind sevenecracu,
plmosity, end expuleicm

m-kA AI.CI.SA242-T% About one-helf of the welds were credmd; me-fourth of these contd.ned
severe creeks, poroeilv, end expuleicm

~91-k-B AICM @Ia-T86 About one-helf of thellelaeconteined Veryemell crecke;17ueldecml-
t,illed Ee’V~ CI’SCkS,~Bi~, d ~~

759%1-2-A Alcl.ed 24s-T66 Them@ri*of thewelaelmrebWy Cracked enaconteineae qmleion
75991-2-B AICM 242-T86 Theme@ityofth eneldewereb~ =tlck~SldC~ ~=

0055a.1-A AI.CISA142-T6 About one-fourth of the welds ~ cracked; Severel of these Ccultaillea

W@-1-B AlClad 14S-T6
severe cre&e end expulsion

About tlmee—fouthe of the welds were crecked; 14 of these conteined

@50-3-A AlcleA lh2-T6
Sevu?e Crecke end expulsion

Three weldeccmteine acrecke;the remdder Ofthewelae qpeeredtoba

130558-3a Alcleu 142-T6 Tsovelde ccmtdnedcrecke; the remdmer of theweldseppti tobe
scald

1A m B i&nti& the tso flanges of the be=.

---- .... . ...- _____ ____ ___ . . . .. .. . ____ . .... -_ ___ _—-— —. —.- —----- ..- -—-
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*y* -~-u= --

--t~
*~A Alelsd 24%T3 Feutaan of thespot vdasmntsinad erackaii theeemten30f the

Img2ats, five of lrbiehalao eootdnd
tbemlds sppe=eatebsoud

--; tJlemw3blar of

W&B AlelsA 24S-T3 ~=m:,o~tie welh umtsined emcks, four of uhid .slm contained

m&>A
remdder oftbemlds~to besoml

Alclaa 242-T3 Mmtoft hewelds Umtsimd msllemcka with the exc@Aonof5wbidl
--===u

759=S-B
Zoofthe welds alnomntdned

Allasa 24S-T3
=@’s-

‘191emeJori* of the Vdae Mntsiua emeks,80fnbichmm baau
Cracked; aofthev eldaalsomntalud

m&-h-A
w-

Ale16JlZg-T!rd Allthewalds cmtshea smauem&e tithtJleexce@ion Of bwbich were
bsdlyel=kaa; loofthe welastimntaiwl =@’e~

~62-fI-B N~%&~_~ Mostofiaewelas mntsind mssll~vith the axcaption Oflowbieh
were bsuly elackea ;gofthevdd asleo Centaind expiblml

Sesembly

i?5@3-3-A Aly 24ane.9 !lhemqori @oftlmllela sllereemckd MMcmltsiuea- ical

Sssenuy
753&-3-B y 2&Y&ea -tiofiwoftiti=re~ Sodeentdua =P@e-

m83-%A Alz%%36 Fonrofthe welds mntsiud verr=mll~; *E’dde ecddlea
severe erackea -ion

~83-=B AlclsA @ls-T36 Seven of thevelda contained very”small emcke; twofthewdds con-
tslnadsevere emcksaudeevaml vdde

759-A
~ -~

Alelsd 2h8-T3ti m.aveaof tiueldsmntdned crsekasna. —icm; themm9in&r of

C@@-B
thevddsn~tobesomd

field 2k8-T36 IWleofthevclds Mnteind emcks, three ofw)dsh mntdned a-
Smnultof emdsemld-ion; tbree Other %dda mntaind axpuleim
adthe~rabtebe eOwA

7@I-3-A Aldl.sa73246 Three oft.bwdds contdndcra&s; tbe ~rofthawdde~
to beaolnd

~&+-3-B Aldsa WT6 Fiveoftbe wddeccmtsindemsll crseks;mawsaaevemlyemckad 8M

~A
~ d-

Allaaa WT6 Almst.ell of thewldamntelned averysmll srsckintha centerof
eachnuggat

~B AMLSA WT6 Ti?dveof theweldsmntsimd averfemsll. emdciathecamter ofesdI
nuggatena cmeofthe welascontalnad Imaarmscmcke

7599-2-A Aided 24B-Tm Sixtem of tllsV&Ids Conteind -rous Cmlcke,porosity,Snd ex@shl;
five of the Velds mntdued ave?g~~ti- emterofeecb

759XI-2-B
-t

AldsA SIS-T81 TwenQ4m0fthew81dnmntsimA mmelmns Creeks,prosity, SM erRlll-,
Sion; seven of theweldsmntdnea
Ofesdl nugget

averysmll emck ti the canter

E9%=-A Aldsa 24s-Tm About-Mofthe wddseontsiued _CM&S; IliMWddS _
tdrled Sevm emcks, pmusia, Sd expulsion

7%9-1-B Aldsa #lB-m Abolrt-th12d orthevcl.as mntslnd amsllemeke jeigbtofthe velde
mntsind eavem crsds ad expulqicm

~-1-A Al* 24S-T85 Allofti W&ldSconk31nd L7mEmnS
m-1-B

~, parosi~, SmA U@Sion
Alelsa as-T85 All ofthO*

lS99-3-A ~~
rOdSnlM -mue mldm, pro.si&, Smd q@dOIl

Almrb@lJ+w of*nelaslmm cmckeaJ 10 of them eonld!leamvera
creeks,psms*, d exsdsioa

7592-3-B NU 2hS-T86 Abetxttm—thlrds of theweldsmntsind smell crseke;~evdLUa cm-
tdnad severe crocks,pomsl~, and exmlsion

h5s2-A AldsA 14s4?6 sixeflM velAeeOn~cmeksj thrsewlda cen’teiEdEaveraCreckn

k3m2-B
& -*

A1.cl.dM-T6 Abontme-tblxa of thevelda
W=-A Al- 1*M “ MOstofthe wWsmntsdnd

CMkdueA emcks.slta-ion
e.svereemckasdsmeoftbam d.eomn-

klz8J1-B
tlunea exmlsion

A1.dsa lM-T6 M@lt Ofthewd.rlsco=tdndsmcksaua expulsion

.

.

.

—

lAeml Bidentify the-tmflsws of the beam
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TAB18v

2E3im7sor8rhTIc MmImPAm’Eglr2oP21vErmAnDaRYr-wmmmn2Aw

.

.

.
I WAic 1

1 1

klcld‘aiLT3 6pd-ml&a 75s@&7 4
b

klclau24S-Y3 2p0t.waldsd‘l?@&?& kg
hr.

t :

y&tim_ea llivatad m-l-ml 5 @xu

Na%%L3 Riveted mafd-’ml
taaldter ... %%
--

nlclea242-T3 .Wdd82755%2-2.* * 51WJ
ta-mlarter

&-a% 2pat-wd&a m-wml
te.marter *v. ‘IO%%
esdly

klc18d24i3+16 mvetea W3-2 @5 ?&m
u 2W-T36 m- 7M3-1 #I#j!

Am

w 24u36 mwldOi 75993-3 * mm
u 2W-!C36 S@.lml!id 7%s3-1

Av. ?%%

kldnd24s5al Rimtaa ~

i

g 66,km
Ncld2b&m mvetd =3

&. %%

mad 2JISU81 S@.nl.dea T3%&b tip 50,%0
kld&224SSl Epat-nldd 7593-3

%%M. 51959,

Akld2hS-m6 mvmbd ?4,6YJ
mm 242-!196 m- %%5 +l@

Av.

.66
X0
75

l..rl

26 q
26’

3B
13

27

28

w

w

27,28x 27, 23

_L
1.17 26

+%*

.g 17
& 20
.90

6.0

%

lo.s

ILo
in

7.0

9.5

%%

E.o

3,3.0

i%

Rivet hole
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I?lgure 5.- Arrangement forimpact beam test.
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Fig&e 14.- Comparison of tensile strength ;f material,toughnessvalue,
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